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Cycloctatetraenyllithium (I) haa been convertd to bicyclooctate-

traw l (n) by coupling in the presence of cobiltous chloride, and to cyclo-

octatetruenyl pbenl baons (III) by reaction with benoztrile followed by

hydrolysis of the intermsdiate imi. The keton M vas charecterimed by form-

tion of a 1:1 complex with silver nitrate, a 2,4-dilntrophnylhraone, and by

hydrogenation to bonsylcycloctane and to l-cyclooctenyl phenyl ketone. Reduction

of II with lithium aluamnzm hydride formed cycloctatetraenypboyleatbinol (V).

On.reaction with pbenyla4mesim bromide, the ketone iI und eraent ring openIng

and yielded the scyclic ketone, l,9-diphlaona-2,I,6,8-tetren-l-cm (VI) (20%),

identical vith a sample prepezed from 7-phweylhept&-2,Ik,6-trieml aM ecetop enoe.

Futher investigation of cyclo~ctatetreanyllithium (1), prepared by
, 1,2

halogn-mtal interchangs from bromocyclooctatetraet nd n-butyllithii1,

(1) A. C. Cope en X. rg, pie jo, _,a 168 (1952).
(2) A. C. Cope, X. Burg aM S. V. Fenton, ibid., .,, 173 (1952).
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showed the presence a a by product in its preparation of a yellow, crystalline

hydrocaron that proved to be bicyclogctatetraenyl (II). By adding a catalytic

amount of cobaltous chloride to an ether solution of I, a 24% yield of Il was

obtained, in a reaction analogous to the coupling of phanyllithium or J-butyl-

lithium in the presence of cobaltous chloride. 3

(3) M. S. [haroxch, D. W. Levis and W. S. Reynolds, ibid., 65, 498 (1943).

The structure of 11 was established by quantitative hydrogenation to bicyclooctyl,

which was identified by comparison with a sample prepared by a different method.

(4) A. C. Cope and F. A. Hochatein, ibid., 72, 2519 (1950).

-R

I II

I, R - Li

III, R - COC! 5V, R - CII(oK)cH5

The reaction of the lithium ccpound I with bensonitrile at -70"

formed an unstable imine that yielded cyclooctatetraenyl phenyl ketone (III)

on hydrolysis (57% yield overall from bromocyclotctatetraene). The ketone III



-3-

vas isolated by distillation as an orange liquid that solidified and melted at

38-39.5" after recrystallization. It formed a crystalline 1:1 complex with

silver nitrate, from which the ketone could be regenerated, and a red 2,4-dinitro-

phenyihydrasone. Quantitative hydrogenation of the ketone III in the presence

of 10% palladium on Norit resulted in absorption of six olar equivalents of

hydrogen and formed bensylcyclooctane. Hydrogenation of III in the presence of

1% palladium on calcium carbonate yielded 1-cycloctenyl phenyl ketone (IV),

which ws identified by comparison (through the 2,,4-dinitrophenylhydrasone) with
2

a ample prepared from 1-cyclo~tenyllithium and bensonitrile. Reduction of

the ketone III with lithium aluminum hydride yielded cyclooctatetraenylphenyl-
bands at 2.78

carbinol (V) (89%), which vas characterized by its infrared spectruak and 2.934)

and by quantitative reduction in the presence of palladium on Norit with the

absorption of five molar equivalents of hydrogen, forming benzylcyclooctane.

0- COCOe 5

IV

Since III is a conjugated unsaturated ketone, it could react

with a Grignard reagent either by addition to the carbonyl group to form a

tertiary alcohol, or by addition to the conjugated system, forming a ketone.

The reaction of III with phenylnamgesium bromide formed a mixture, from which a

yellow crystalline ketone C2 H1O (VI) was isolated in 20% yield. Although
n

VI was expected to be a phenylyclooctatrienyl phenyl ketone from its analysis

and method of preparation, quantitative hydrogenation in the presence of 1%



palladium on calcium carbonate resulted in absorption of four molar equivalents

of hydrogen, and yielded a saturated liquid ketone (VII). This result excluded

the possibility that VI could be a cyclooctatriene derivative. It also furnished

evidence arguing against a cyclooctatetraene structure for VI, 5 because

(5) A phenylcyclooctatetraenyl phenyl ketone might be formed from
the addition product of III and pheny1magnesium bromide bX loss
of the elements of magnesium bromohydride, as phenylcyclooctatetraene
is formed from cycloktatetraene and phenyllithium; see A. C. Cope
and M. R. Kinter, This Journal, 3 4I24 (1951).

most cyclogetatetraene derivatives (including the ketone III) absorb three molar

equivalents of hydrogen under these conditions and yield substituted cyclooctenes.

Further evide:3ce against the formulation of VI as a cyclooctatetraene derivative

vas obtained by synthesis of one of the stereoiomers of 2-phenylcyclo&ctyl

phenyl ketone (VIII) from l-cyclooctenyl phenyl ketone (IV) and phenylmagnesium

bromidej VIII had entirely different properties from the saturated ketone VII

obtained from VI by hydrogenation.

-OCeH5

CeH5 (CH2 )eCOCeH5 .eH5

VII

VIII

The ultraviolet absorption spectrum of VI (Fig. i) provided the

essential information indicating its structure, for the principal absorption

bandl occurved at a wve length ('~ m I. 0 m,, E 5,000), indicating the presence



of a long cnjugated system. On this basis it appeared probable that VI was

1,9-diphenylnon--2 ,,6,8-tetraen-l-one, formed by ring opening of the enolate

(IX) produced by 1,ia-adition of phenylmaspsium bromide to the ketone III.
6

This supposition was supported by the fact that the melting point reported

(6) r. straus, An., 393, 313 (1912).

for 1,9-dlpb nylnoma-2,,6,8-tetraen-l-one was identical with that found for VI.

CtgBr

-- C-eH 5

Ix

The structure of VI was confirmed by synthesis of an authentic sample by con-

densation of 7-phenlhepta-2,,6-trienal 7 with acetuphenone. The authentic

(7) M. IKorach a&W W. Bergman, 1. j. Chem., 1J4, 118 (19h49).

VI4
CRSe(cH-cH)3cHo + 03cOCOR C80HCo =11

~vi

sample of VI was shown to be identical with VI obtained from III and phenyl-

m~gnesium bromide by comparison of melting points and mixed melting points of

the ketone samples and their 2, 4 -dinitrophenaylhhdrazones, and by comparison of
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the ultraviolet and infrared spectra of VI from the two sources. The saturated

ketone obtained by hydrogenation of VI accordingly is 1,9-diphenylnonan-9-one

(VII). If the double bond in VI are all trans, as in probable from the method

of synthesis of the authentic sample, the conversion of III to VI involves re-

arrangement of cis to trans ethylenic linkages if III has a boat (cis) configura-

tion.

The formation of VI from the ketone III and phenylmagnesium bromide

is the first case in vhich a reaction of a cyclooctatetrsene derivative has been

observed to result in ring opening with the formtion of an acyclic tetrasne.

The driving force for the unusual carbon-carbon cleavage that occurs my result

from the stability of the conjugated system of VI compared to the enolate IXO

and the degree to which IX is strained by the stereochemical requirements of

the structure.

Study of ring opening reactions of cyclooctatetraene derivatives
of

is being continued, as is the use/cyclooctatetraenyllithum for the synthesis of

substituted cyclotatetrsenes.
8

Experlismntal

(8) Melting points are corrected and boiling points are uncorrected.
We are indebted to Dr. S. M. Nagy and his associates for analyses.

B ~ ~~~e ,Motel g, fittedpL 4ik, a gouhrii:
,wPes. Ultraviolet spectra were determined with a Cary Ultraviolet
Recording Spectrophotometer, Model 31 MS. All reactions involving
orgaanetallic compounds were carried out under an atmosphere of
dry nitrogen.
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DicYclo9ctatetrenyl (II). - To a solution containing 0.038 mole
9

of a-butyllithim in 90 al. of dry ether we added 7.00 g. (0.038 mole) of

(9) 1. Gl.mU, J. A. Deel, C. 0. Brannen, M. W. Bullock, 0. 1. Dunn
and L. S. Miller, hi Joura, 71, 11199 (1949).

. 1

broumocyclooctatetrene in 15 al. of ether at -65'. After stirring for 1 hour

at -70, 0.2 g. (5 mole $) of anhydrous cobaltous chloride Was added,, the cool-

ing bath We removed, ed the mixture vas stirred at room temperature for 40

hours. It was then poured onto ice, and the ether layer, after washing with

% hydrochloric acid and 5% sodium bicarbonate, was dried over sodium sulfate

and coentrated. On cooling, 0.60 g. of bicyclo~tatetraenyl (I:) was obtained

as a yellow solid. Short-path distillation of the residual liquid at 100*

(0.1 sm.) yielded an additional 0.35 g. of II ad 0.88 g. of an unidentified

orne oil 1.588. The two crops of crude II (0.95 g., 24$) were combined

and recrystallized from ether as shining yellow plates m.p. 125.4-126.5 ° .

Anal. Calcd. for CIeOl4: C, 93.15j H, 6.84. Found: C, 92.871

R, 7.0e.

Hydrogenation of 122 mg. of II in 10 al. of glacial acetic acid in

the presence of 100 mg. of prereduced platinum oxide catalyst resulted in the

absorption of 104$ of 8 molar equivalents of hydrogen. After separation of

the catalyst, the acetic acid was neutralized with 15% sodium hydroxide solution,

and the mixture was extracted with pentane. The extracts were dried over sodium

sulfate and the pentanw was removed. Short-path distillation of the residue

25yielded 88 mg. (67$) of bicyclogctyl as a colorless oil, zD 1.5008, &.p.

10-11%. A mixed m.p. with a sample prepared by a different mthod which had
25
a 1.4998 was not depressed, and the infrared spectra of the two samples ere

identical.
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Cyclooctatetrenyl Phenyl Ketone (III). - To a stirred solution

of n-butyllithium prepared from 15.1 g. of n-butyl bromide and 1.53 g. of lithium

wire in 110 ml. of dry ether, and cooled to -700 in a Dry Ice-trichloroethylene
.I 1

bath, was added 14.2 g. of bromocyclooctatetraene in 15 ml. of dry ether

over a period of 15 minutes. The red mixture vas stirred for 1 hour at -70%

and then 7.95 g. of benzonitrile in 15 ml. of ether was added over a period

of 20 minutes, at a temperature below -650. The cooling bath was removed

and when the temperature reached 0-20* the mixture was poured onto ice. The

aqueous phase was extracted with two 15-ml. portions of ether, and the

ketimine was extracted rapidly from the combined ether solutions with two

50-ml. and five 30-ml. portions of 5% hydrochloric acid without attempting

careful phase separation. The acid extract vas heated on a steam bath for

35 minutes, cooled, and extracted with ether. After drying over magnesium

sulfate, the ether extract was concentrated and distilled through a semi-micro

10
column. The distillation separated 3.62 g. of a low-boiling fraction con-

(10) C. W. Gould, Jr., G. HolzmLan and C. Nienn, Anal. Chem.,20, 361
(1918).

sisting of valerophenone (from the reaction of n-butyllithium with benzonitrile)

from 9.15 g. (57%) of cyclooctatetraenyl phenyl ketone (III), an orange oil, b.p.

2596" (o.o6 mm.), n 1.5930-1.5980, which eventually partially crystallized.

It was recrystallized from petroleum ether and then melted at 38.0-39.5.

Anal. Calcd. for CIsHISO: C, 86.48; H, 5.81. Found:

C, 86.511 H, 6.04.

Hydrogenation of i3 mg. of III in 7 ml. of 95% ethanol in the

presence of 150 ag. of 10% palladium on Norit resulted in the absorption of
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98% of 6 molar equivalents of hydrogen. Shoi't-psath distillation at 0.1 m. of

the residue left after separation of the catalyst ad removal of the solvent

yielded 57 mg. of b2nsylcyclo~ta-e, 25 1.5251p the infrared spectrum
U 25of which was identical with that of an authentic sample which had nD 1.2l1.

(11) A. C. Cope sAd J. E. Krueger, to be published.

The latons in (213 mg.) also vas hydrogenated in 15 ml. of dry

benzene in the presence of 200 mg. of 1% palladium on calcium carbonate. The

reaction was interrupted after 3 molar equivalents of hydrogen had been

absorbed, and the catalyst and solvent were removed. Comparison of the infra-

red spectrum of the psA yellow oil (14.5 mg., n,5 1.5548) Obtained by short-

path distillation of the residue with that of an authentic sample of 1-cyclo-

octenyl phenyl ketone (IV) indicated that the reduction product was slightly

impure IV.

The impure product was dissolved in ethanol and treated with 2,14-

dinitrophanylhydrazine reagent. 12 Since the crude derivative would not

(12) R. L. Shriner and R. C. Fuson, "The Systematic Identification
of Organic Compounds", John Wiley and Sons, Inc., New York,
N. Y., 1948, p. 171.

solidify, the mnixture was diluted with water and extracted with ether. The

ether solution was dried over usium sulfate sad the ether was removed.

The residue (80 mg.) vas dissolved in 1:1 bensene-ligroin and chroctographed

on a 22 x 2-cu. column of 1:1 silicic acid-Supercel which had been washed with

ether folloved by ligroin. Develomnt of the chrowtogam, with 30 al. of 1:1
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benzene-ligroin gave a broad orange lower band and two faint yellow xl . LO€i

material obtained by elution of the lower band with ether was recrysllizo

twice from ethanol-ethyl acetate (including treatment with Darco) amW yielaed
N

the 2,4-dinitrophenylhydrazone of 1-cyclooctenyl phenyl ketone (IV), Ln.p.

159-1616, and mixed m.p. with an authentic sample described below, 161-1620.

Silver Nitrate Complex of Cyclogctatetreenyl Phenyl Ketone. -

To a hot solution of 1.60 g. of III in 10 ml. of absolute ethanol was added

1.31 g. of powdered silver nitrate. The solution was heated for 15 minutes,

filtered, and cooled in an ice bath. An oil separated which solidified on

scratching, yielding 2.62 g. (90%) of the silver nitrate complex of III as

pale yellow needles, u.p. 120-122" (dec.). e crystallization from absolute

ethanol rised the m.p. to 121.4-122.0" (dec.)

Anal. Calcd. for C 1 5 Ejg0.AN0s: C, 47. 6 31 H, 3.20j Ag, 28.54.

Found: C, 47.68; x 3.28j Ag, 28.19.

The ketone III was regenerated by adding 10 ml. of concentrated

ammonium hydroxide with stirring to 1.52 g. of the complex suspended in 30 ml.

of water. The mixture was extracted with ether, the ether extracts were dried

over magnesium sulfate, and the ether was removed. Short-path distillation of
25 25

the residue at 0.1 m. yielded 0.62 g. of analytically pure III, nD  1.6104, d4  1.095.

The 2,4-Dinitrophenylhydrzzone of Cyclogitatetraenyl Phenyl Ketone
ll

wae prepared by adding 2,4-dinitrophenylhydrazine reagent to III dissolved

in ethanol. The crude derivative was recrystallized from 1:1 ethanol-ethyl

acetate, yielding the red 2,4-dinitroenylhydrabone of III, m.p. 178.7-179.8.

Anal. Calcd. for C2 11 N4 04 : C, 64.971 H, 4.16; N, 14.43.

Found: C, 65.11; , 4.32; N, 14.53.
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lyclooctenyl Phn)l Ketone (iv).- To a stirred solution of

l-cyclooctenyllithium 2 prepared from 5.00 g. of 1-bromocyclooctene and 0.36

g. of lithium wire in 50 al. of dry ether was aded 2.68 g. of benzonitrile in 10

ml. of ether over a period of 20 minutes. The red mixture was stirred for 10

minutes after addition was ccuplete and poured onto ice. The ether layer was

extracted rapidly vith four 25-al. portions of 5% hydrochloric acid. The

extracts vere heated on a steam bath for 40 minutes, cooled, and extracted

with other. The ether extracts were dried over sodium sulfate, and the residue
9

left after removal of the ether was distilled through a semi-micro column,

yielding 4.18 g. (75%) of l-cyclo~ctenyl phenyl ketone (IV) as a faintly yellow

oil, b.p. 94" (0.06 m.), DD l.5620-1.9631. The mid-fractions ad .5630.

Anal. Calcd. for C1 sH1*0: C, 84.07; H, 8.47. Found:

co 84.11; N, 8.53.

The 2,4-Dinitrophenylhydrasone of 1-4yclooctenyl Phenyl Ketone

was recrystallized from ethanol-ethyl acetate (including Darco treatment)

and melted at 161.0-162.3".

Anal. Calcd. for C21H4aN 4 04: C, 63.96; H, 5.621 N, 14.21.

Found: C, 63.90; H, 5.67; N, 14.18.

Cyclooctatetraenylphenylcarbinol (V). - To a stirred suspension

of 0.20 g. of lithium aluminum hydride in 20 ml. of dry ether was added a solu-

tion of 2.00 g. of cyclooctatetraenyl phenyl ketone (III) in 10 ml. of ether

over a period of 15 minutes. The mixture was stirred and heated under reflux

for 1 hour and then was hydrolyzed with water and 5; hydrochloric acid. The

aqueous layer was extracted once with ether, and after drying over magnesium



sulfate, the solvent was removed from the combined ether solutions. Short-

path distillation or the residue with a hosting block temperature of 120-120*

(0.1 mm.) yielded 1.80 g. (89%) of cyclooctatetruaylphenylcarbinol (V) as a

viscu yellow oil, 251.8e

Anal. Colcd. for C19R140O: C, 85.67; R, 6.71. Found: c,

85.76; x, 6.70.

Kydrogenation of V in the presimnce of palladium on Norit under

the conditions described above for III resulted in the absorption of 98.5%

of 5 molar equivalents of hydrogen and the formation. of benzylcyclooctane,

identified by comparison of its infrared spectrum with the spectrum of an

authentic sample. 1

Reaction of III With Phenylmagnesium Bromide. - To a stirred

refluxing solution of phonylingnesium bromide prepared from 3.97 9. of

bromobenzene and 0.61 g. of maesiun in 30 ml. of ether vas added 4.86 g.

of InI in 25 al. of ether over a period of 20 minutes. A solid formed in

the reaction mixture during the addition. Stirring and heating were continued

for 1 hour and the mixture was then hydrolyzed by the addition of excess saturated

amonium chloride solution. The aqueous layer was extracted once with ether,

and the combined ether solutions were dried over magnesium sulfate and con-

centrated.* Two crops of crude 1, 9-diphczylnona-2,4,6, 8-tetraene -1-one (vi),

totalling 1.23 g. (20%), were obtained. Recrystallization from ethanol yielded

VI as yellow needles, m.p. 125.0-126.2, which was undspressed on admixture with

an authentic sample, described below. This unsaturated ketone vas quite sensi-

tive to atmospheric oxygen.

Anal. Calcd. for Cg3,H15 0: C, 88.o8; H, 6.3 round: c,. 88.oB;

H, 6.142.
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The 2,I-Dinitrophenylhydrasone of VI was prepared by dissolving

50 ag. of the ketone and 35 mg. of 2,I-dinitropheny1hydratine in 5 ml. of

boiling ethanol and adding a drop of concentrated hydrochloric acid. The

solid obtained by heating for 5 minutes followed by cooling was recrystallized

three times from nitromthane, yielding 18 ag. of the dark red 2,4-dinItrophenyl-

hydrazona, m.p. 215.5-216.0", which was undepressed on admixture with an

authentic ample, described below.

Anal. Calcd. for C2 7 H2 2N4 04 : C, 69.501 H, 4.75 N, 12.00.

Found: C, 69.171 H, 4 .72; N, 12.21.

An authentic sample of VI was obtained by dissolving 2.00 g.

of 7-p enylhept&-2,i,6-trienal (IX) a d 1.92 g. of acetophenone in a mixture

of 100 ml. of ethanol and 15 al. of benzene and adding 5 ml. of i.3% aqueous

sodium hydroxide solution. After the mixture stood overnight, 3.0 g. of

a yellow-orange solid, m.p. l21-125; had precipitated. Recrystallisation

from ethanol yielded VI as golden-yellow needles, m.p. 124-126.

The 2,Ii-dinitrophenylhydrazone of the authentic sample of VI

was prepared as described above and melted at 215.5-216.5 ° . An attempt

to prepare the phenylhydrasone from the ketone by the procedure described by

6
Straus us unsuccessful.

l,9-DijMthylnonan-l-on* (VII). - The ketone VI (199 mg.) was

hydrogenated in 30 ml. of methanol in the presence of 80 mg. of 1% palladium

on calcium carbonate. After 0.5 hour, 4 molar equivalents of hydrogen had

been taken up and the rate of absorption had greatly decreased. The reaction

vas interrupted, the catalyst separated, and the solvent removed. Two short-
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path distillations of the residue yielded l,9-diphenylnonan-l-ons (VII) as an
25

almost colorless oil, nD  1.5426.

Anal. Caled. for C21H2 0: C, 85.69j H, 8.90. Found:

c, 5.761 H, 9.17.

The 2,4-Dinitrophenylhydraaone of VII was prepared with 2,4-

dinitrophenylhydrazine and a drop of concentrated hydrochloric acid in ethanol.

Since it was not easily purified by recrystaflization, the crude derivative

(87 mag.) was dissolved in 2 ml. of 1:1 benzene-ligroin and placed on a 25 x 1.8-

cm. column of 1:1 silicic acid-Supercel which had been washed with ether followed

by ligroin. Development of the chromatogram with 45 ml. of 1:1 bensene-

ligroin gave a 5-mm. top band of 2,4-dinitrophenylhydrains, a 15-mm. orange

middle band, and a 100-mm. diffuse orange lower band. The material obtained

by elution of the lover band with ether was recrystallized three times from

ethanol-ethyl acetate and yelded 24 mg. of the 2,4-dinitrophenylhydrazone of

1,9-diphenylnonan-l-one, m.p. 114.3-115.1 ° .

Anal. Calcd. for C2 7 H 0 N4 0 4 : C, 68.32; H, 6.37; N, 11.80.

Found: C, 63.36j n, 6.25; N, 11.68.

Recrystallization from ethanol-ethyl acetate of the material

eluted from the middle band of the chromtogram with ether gave a very small

amount of an orange solid, m.p. 243-245' (presumably a 2,4-dinitrophenyl-

hydrasone) whLch vas not Investigated further.

2-Phenylcyclooctyl Phenyl Ketone (VIII). - To a stirred reflux-

ing solution of phenylmagnesium bromide prepared from 6.21 g. of bromobenzene

and 0.95 g. of magnesium in 40 ml. of ether was added 7.50 g. of 1-cyclooctenyl

phenyl ketone (IV) in 40 ml. of ether over a period of 1 hour. The mixture,



containing a white solid, vas stirred and heated for 0.5 hour, and then enough

saturated anoniu chloride solution was added to precipitate the maesi um

salts. The ether solution was decanted anl the residue wa washed vith ether.

Sublimation at 0.1 m. of the residue left after removal of the ether yielded

8.10 g. (79%) of 2-phenylcycloctyl phenyl ketone (VIII) which formed long

colorless noedles, u.p. 136.4-137.8, on recrystailisatIon from ethanol.

An l. Calod. for C2 1 13 4O: C, 86 .26j H, 8.27. Found:

C, 85.93; R, 8.23.

The infrared opectrus of VIII indicated clearly the presence of

a carbonyl group (banl at 5.92,A), but the ketone did not foarm 2a4-

dinitrophenshayydrazo or semiclaramom under the usual conditions.
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